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INTRODUCTION
In the recent past a group of conditions, which
tend to simulate leukemia, have received considerable
attention in medical literature both in this country
and abroad.

The leukemoid reactions, although they may

vary widely among themselves, are, in some respects,
closely related.

In regard to one of these conditions,

infectious mononucleosis, the renaissance of attention

can be attributed to the introduction by Paul and Bun
nell ('32) of the serologic diagnostic test, which per
mits the diagnosis to be made more easily and with a
greater degree of eertainty.

The increasing practice

of routine hematologic examinations as well as the
recent introduction and extensive use of specifia drug
therapy have done much to increase the a ctual and re

ported incidence of leukemoid blood pictures.
The problem of leukemia or leukemoid reaction

frequently arises when the patient presents a series
of vague, perhaps even unrelated symptoms, and in the
course of study of the condition hematologic studies

are made.

The total leukocyte count is increased in

most cases to a moderate degree.

Occasionally only

a slight or no increase is noted, and rarely exceed
ingly high counts are observed. It is the differen-

-2-

tial count which reveals the alarming picture.

Fre-

quently there is present both a relative and an absolute mononucleosis or more rarely a relative and
absolute granulocytosis . In either case there is characteristically a high percentage of young or youngappearing cells. Should the presenting complaint have
been an acute infection the diagnosis would not be
difficult; however, with presenting symptoms of fever,
malaise, lymphadenopathy, loss of weight, fatigue and
cachexia, the picture becomes considerably more complex.
The answer to the question leukemia or leukemoid
reaction was in the past all too frequently found in
the eventual progress of the case.

With recovery of

the patient, a diagnosis of leukemoid reaction was possible.

With eventual down-hill progress and leukemia-

trend, the unfavorable diagnosis could be made.

It is

the purpose of this paper to collect and organize under
one cover the numerous case r eport s , research findings,
and investigation results concerned with leukemoid reactions.

No claim for original research is made; how-

ever, it is hoped that the collection of the most useful laboratory methods and clinical procedures may be
of value to the clinician in the early and positive
diagnosis of the several related conditions which are

~
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classif i ed below as leukemoid reactions .

MONONUCLEAR LEUKEMOID REACTIONS
Among the several possibilities under this classification, one, by way of its frequency and importance ,
overshadows all others and will be discussed under the
name by which it is best known in this country , infectious mononucleosis .

A second group of mononuclear leu-

kemoid reactions, monocytic and lymphocytic , other than
infectious mononucleosis , will be considered separate1y .

Infectious mononucleosis
As a res~lt of the consistent similarity among cases
of the lymphoid type of leukemoid reaction , history has
chosen to classify them under a single heading , infec tious mononucleosis .

The clinical and laboratory mani -

festations of these conditi~ns possess a certain similarity, but the considerable variations are made most apparent by the variety of names given to the condition .
Among the several designations by which the disease ,
if it is one , has come to be known are : infectious mononucle osis , glandular fever , be nign lymphoblastosis ,
monoc ytic angina, angina with lymphatic reaction ,
lymphocytosis with infecti on .
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Histor.:y:
Pfeiffer, who originally described the disease in
1889, limited its incidence to children between the
ages of five and eight years.

According to his account

the onset was sudden and similar to that of an upper
respiratory infection with reddening and soreness of
the pillars of the pharynx, enlargement of the lymphatic glands of the neck , and a moderate fever lasting
two to ten days .

He considered it to be infectious in

nature and contagious since four children in one family were observed to develop the symptoms of the disease, one after another .

He recognized the extreme

variability of the course, severity and symptoms of
the condition, and described the involvement of the
glands of the neck on first one side and then the other
with a prolonged course.

Despite the accurate obser-

vation and description of this unusual syndrome, he
made no blood studies, but based his entire paper o~
clinical observations alone .
Heubner ('89) discussed the same condition, found
it possible to agree with Pfeiffer and reported observing such cases since 1879 .

Probably, however, he in-

cluded under the heading ' drusenfieber' several cases
of pharyngitis with cervical adenitis since, in one of
his cases , be described the glands going on to suppur-
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ation. A mistake of this nature would not be a diff1r
cult one to make as long as the diagnosis had to be
made entirely on clinical observation since the blood
picture at this time was unknown.

Nevertheless, sev-

eral of his cases do in all probability belong to the
category of infectious mononucleosis .
In t his country the disease was first observed
in epidemic form. West ('96), an early pediatrician,
reported so many cases on the Eastern seaboard that it
may be considered to have reached epidemic proportions.
Since all cervical adenitis of childhood is not classifiable as infectious mononucleosis , it becomes very
difficult to correctly evaluate these early reports.
It is entirely possir le that the majority of West's
cases were t hose of simple adenitis associated with
some focus of infection in the upper respiratory passages.

His clinical descriptions were in many cases,

however, typica lly those of infectious mononucleosis,
and few if any of the glands went on to suppuration.
~ollowing thes e e a rly writings the medical literature
of t he world was rather heavily spri nkled with numerous accounts of the disease in its many and varied manifestations. It remained, however, for Sprunt and Evans
('20) to make blood studies and accurately describe
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the hematologic findings.
Although the blood and ~linical pictures were not
immedi a tely associated, in all probability the blood
films of infectious mononucleosis were examined and
described several times preceding the work of Sprunt
and Evans.

Several ca ses of leukemia with'apparent

cure' have filtered into the literature; a few of
these cases are better considered as infectious mononucleosis. Curshman ('06) developed a

ca se that he

considered to be leukemia with a favorable termination.
The symptoms and cli~ical findings were those of leukemia or perhaps infectious mononucleosis.

The total

leukocyte count was above 50,000 on several occasions,
and t he differential count revealed the predominance
of very l ar ge atypical lymphocytes, wh ich were t hought
to be immature.

The symptoms gradually disappeared,

the total leukocyte count returned to normal limits
and the large atypical lymphocytes eventually disappeared from the stained films.

Turk ('07) presented

a similar case and rather accurately described the
hematologic picture of infectious mononucleosis.
He e r red in cons idering the atypical lymphocytes, which
he described so well, to be plasma cells.

He examined

blood films on three occasions and indicated that the
atypical mononuclear cells with lymphocytic nuclei
and darkly basophilic ·cytoplasm may persist as long as

~

~
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three and one-half months after the acute process
has subsided .
Hall ('15), an English physician, reported a
case of acute lymphatic leukemia, which ended in
complete recovery.

In all probability this also was

a case of infectious mononucleosis ; a brief resume
of the report is quite convincing.

The patient was

a twenty-three year old male who, after an onset of
three days duration consisting of chills, fever and
sweating, developed a generalized lymphadenopathy
and pharangitis.

The hemoglobin values and erythro'

cyte count remained normal, but he presented a leukocytosis of 32,000 with 96 percent of large lymphocytes on differential.

The acute phase passed in

about two weeks, but the blood picture did not return
to normal for four months, during which time there
was a slow fall in the leukocytosis and a gradual
disappearance of the large lymphocytes from the stained
films.
Again in 1915 Ireland, Baetjer and Rurah observed
a case considered to be lymphatic leukemia, which eventually ended in complete recovery.

The case report

closely follows t he previous one, and one of the authors, Baetjer , in retrespect considered the possibility
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of glandular fever or infectious mononucleosis; while
the other two were convinced that they were dealipg
with a case of lymphatic leukemia with an apparent
cure.
Clinical Picture
The name by which the disease has become best known,
infectious mononucleosis, was proposed by Sprunt and
Evans ( 1 20) in a paper ~hich for the first time accurately correlated the clinical picture of ' glandular fever' with a mononuclear leukocytosis. The clinical manifestations and blood picture have remained essentially
the same as these men developed them .

More recent wri-

ters have added several refinements, modifications and
aids in diagnosis. The syndrome has been reported on
every continent and no race seemsto be immune.

It is

decidedly a disease of the younger age groups although
it has been reported in children as young as four months
and in adults in their seventieth decade .

The g~eat

majority of cases fall into the se cond and third decades,
and, in surveying the literature, the case reports of
the disease occurring in medical students, nurses, and
hospital attendants recur with a monotonous regularity.
It has been said that these groups are, due to their
situation, more likely to have blood studies made, and
hence the apparently increased incidence can be explained on the basis of more accurate diagnosis , ( Heck

~
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'38).

This unu sual incidence may, however , be an

overlooked key to the etiology of the condition, a
question which at the moment is a highly controversial one.

Several plausible theories of the etiology

have been advanced in the last score of years, none
of which ha s sufficient evidence in its behalf to merit serious support , and all of which deserve consideration.
Two apparently different strains of bacteria, B.
monocytogenes and B. monocytogenes horninis have long
been associated with similar conditions in lower animals .

The former was isolated from rabbits (Murry ,

Webb and Swann '26) and is capable of producing a dis~
ease in those animals characterized by a mononuclear
leukocytosis .
of patients

The latter was cultured from the blood
on whom the diagnosis of infectious mono-

nucleosis had been established, and it was found to
produce a very similar blood picture in rabbits, (Nyfeldt '32).

A protozoan of the genus toxoplasma

(Fland '30a and '30b) ha s been cultured fro m the blood
of rabbits inoculated with the blood of human patients
suffering with inf ectious

mononucleosis .

The organ-

ism is capable of producing a similar disease in monkeys even to the enlargement of the lymph nodes and

~
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spleen.

A host of various organisms have been isolat-

ed from the throats and secretions of patients during
the disease , but so far none of the work has been confirmed, and at the present time most authors believe
a lymphotropic virus to be the true etiologic agent
(Heck '38); although no direct evidence supports this
view.
From an

almost ehdless chain of symptoms report-

ed by the various writers in t his field perhaps a doz en are constant enough to be considered as typical mani festat ions.

Probably one of the most constant feat-

ures of the condition, and one which is almost always
present to some degree~is the lymphadenopathy .

This

symptom in itself is quite variable ranging from slight
enlargement confined to the cervical group, all the way
to a complete generalized lymphatic hyperplasia, which
may be painless to exquisitely tender .

Secondary to

this there may develop pain in the neck especially on
motion, and cough supposedly due to pressure on the
trachea by enlarged retrotracheal nodes . The enlargement usual ly does not persist long after the fever subsides, but has been reported as long as a year after
the acute phase . Suppuration apparently does not occur
in true infectious mononucleosis .

Fever is a quite

constant finding but is also variable in time of onset,

~
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duration and degree.

It is usually moderate, 101 to

102 F., with a duration measured in weeks to two or
three months . An occasional relapse of the fever has
been reported.

Rarely , the disease is ushered in by

a febrile period lasting two or three weeks without
other clinical and only minimal blood findings.

There

is a large group of faucial symptoms which may take the
form of a simple reddening to exudation and even membrane formation with ulceration. In the membraneous
type, diphtheria is very difficult to rule out, and
both Vincent's organisms and diphtheroid bacilli are
frequently cultured from throats during the acute stage
of the disease.

In the vast majority of cases the

glandular enlargement is out of all proportion to the
pharyngeal findings, and this in itself offers a lead
to the eventual diagnosis.
A finding present in something over half of most
series of cases is splenomegaly , and occasionally a detectable hepatomegaly is recorded.

The spleen becomes

def initely palpable but not gr eatly enlarged and is
rarely tender.

Another associated and characteristic

gr9up of symptoms, not by any means confined to this
condition, is headache, general malaise, and lassitude
even to the point of virtual prostration. Headache and
general malaise are, of course, not characteristic of
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glandular fever alone; however, the lassitude and fatigue, so frequently associated with this condition,
are quite characteristic .

Fatigue although a purely

subjective manifestat ion of the disease is almost always present and, to the patient , a very prominent feature .

A symptom more or less characteristic of the

disease , the exanthem, is usually described as maculopapular, pink to pinkish brown, discrete in character,
two to five mm . in diameter, and disappearing on pres sure . They are usually few in number, confined to the
anterior trunk, appearing on . the fourth to seventh day
and lasting two to five days .

Rarely petechial erup-

tions are seen and then in isolated and usually quite
severe cases .

Still more rarely small hemorrhages

into the mucous membranes have been recorded ; however ,
no association with the platelet count has been established in these so called hemorrhagic cases . Epistaxis,
hematuria, conjunctivitis and symptoms of meningeal ir ritation have been reported in isolated and rare instances , and interestingly, the Wasserman reaction has
become positive during the second week and remained so
for several weeks, to become negative again when the
blood picture returns to normal (Tidy '24) .

An appar-

rent myocarditis developing during an attack was reported by Longcope r22) with ventricular extrasystoles

~
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proven by the electrocardiogram •

.' similarity between

infectious mononucleosis and rheuma tic fever was suggested but remains to be proven .

Heubner ( '89) was the

first to notice the possible association between this
disease and nephritis; it has been observed several times
since but no direct relations hip can be proven .

Ber-

nstein ('40) obs erved several relapses in his limited·
series .

All cases were temp erature- free for several

days, after which-the relapse was observed to occur .
The same author, in reviewing t he literature also found
such rare phenomena as: jaundice, orchitis, leukorrhea,
venous thrombosis and even central nervous system involvement .
Diagnosis
The diagnosis of infectious mononucleosis is not
a d i f ficult one to make , and since the development of
the serologic diagnostic test, it c an be made in the
majority of cas es with positive assurance . When a child
or young Adult is found to have fever and lymphanenosis
out of proportion to any local inflammatory condition,
an examination of stained blood smears is obviously indicated .

Should the hematologic examination show an

increase in t he mononuclear cells above 50 percent,
including especia lly the atypical lymphocytes characteristic of the disease, a tentative diagnosis o f the

'j
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condition can be made.

In many cases, provided the

blood films are examined by a competant hema tologist,
this procedure is all that is necessary.

Should there

be a~y doub t, or as a matter of che cking the hematologic findings,~ simple laboratory procedure will
confirm the d i agnosis in about 90 percent of all cases.
ApproXimately 10 p ercent of t he cases of infectious
mononucleosis will have a negative Paul-Bunnell test
{Davidsohn '37 and warren '41).

I n these c a ses the

clinici an is forced to rely u pon t h e clinical picture
and the hematologic findings; and although the cells
of infectious mononucleosis are not particularly difficult to recognize, occ as i¢nal cases occur in which
the f inal hematologic opinion is somewhat problematic .
It is here that the morphological classification of the
pathologic cell types proposed by Downey and McKinlay
e23) achieves it s greatest usefulness. Of further ad-

vantage may also be the knowledge that the hemoglobin
v alues, the platelet and erythrocyte counts are seldom
abnormal {Heck ('38).

Biopsy of t he enlarged nodes

and sternal puncture for marrow preparations are usef ul only in the fact that they demonstrate nothing
c hara cteristic of infectious mononucleosis, and hence,
permit one to rule out such condit ions as: tuberculosis, syphilis, leukemia, lymphosarcoma, etc., (Downey
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and Stasney '36, Fox '27, and Freeman '36}.
Differ ential Diagnosis
Pec ause of the unusually va~i able manifestations
of this disease state, the differential diagnosis becomes highly involved; it is nevertheless most completely enumerated by Berns tein ('40). Many conditions
apparently simulate it rather superficially; there are,
however , several clinical entities which seem to defy
immed iate differentiat ion.

First of all, as a result

of t he unusual blood picture, one must consider the
leukemias, agranulocytosis, and thrombocytopenic purpura . The Paul-Bunnell test and adequate blood studies
will serve to differentiate these conditions accurately .
There are numerous conditions whose l ocal manifestations
in the throat may simulate inf ectious mononucleosis .
Vincent 's ang ina becomes a problem since many times
throat smears in gl andular f ever will show Vincent 's
organisms , (Krumbhaar

1

26 and Bloedorn and Houghton '21).

All too frequently diphtheria antitoxin has been given
to children suffering with inf ectious mononucleosis
(Werlin '41).

Follicular tonsillitis as well

bS

the

more unusual herpetic pharangitis must also be considered . Certain of t he diseases associated with cutaneous eruptions may offer confusing problems .

Chicken

pox and German measles both have cutaneous manifestat ions,

~
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and both may show a lymphocytosis .

Typhoid fever and

malaria as we ll as serum disease and reactions to specific drug therapy may some times have to be considered .
Despite the rather complex differential diagnosis, if
the clinician will keep in mind the possibility of infectious mononucleosis , he will experience little dif f iculty in recognizi ng an occasional case .
Course and Treatment
The d ise ase is prone to run a chronic course .

Al-

t hough, in the majority of cases, the pa tie nt will be
symptom free in t wo to four weeks; t he blood pi cture
and the Paul-Bunnell test may remain positive for several months to a year , (Heck ' 38) . No drugs have been
.found to have any proven value except thos e which t e nd
to bring t he patient symptomatic relief .

Should there

be a co~plicating streptococ6us tonsillitis, one of the
sulfonamides will reduce the morbidity and perha ps shortent t he disability , but noth i ng has been shown to alter
the course of the disease itself.

An associated Vincent'~

infection , w~icb is observed ra t her regularly, should
be treated with s odium perborate; otherwis e bed rest
until t he acute phase subsides i s t he only therapeutic
measure to be considered .

In t be s poradic form the

question of isolation is probably an unnecessary one ;
however, should the number of cases approach epidemic
proportions, strict isol a tion i s an essential of jPe-

~

,,

-17-

ventive med icine.
Plood Picture
Al tho :J gh i ·ri t he l atter pa rt of the ninteenth and
early part of the twentieth centuries many papers filtered into the l iterature describing the clinical aspects of infectious mononucleosis; the first adequate
blood studies were made by Sprunt and Evans in 1920.
These two investigators were the first to associate
a definite pathological blood pictuEe with the clinical findings of glandular fever.

They reported six

cases of infections associated with a more or less
gene: alized lymphadenopathy, and a pathologi cal mononuclear leukocytosis was a constant finding .

The

symptoms, signs and hematologic examinations in all
cases wer e so nearl y the same that they chose to consider their series of cases as a distinct clinical
entity or syndrome , which they called infectious mono nucleosis.

The total leukocyte counts were described

as being normal at first, and as t he disease progressed a definite elevati on occurred.

The differential

counts showed a slight increase in the large mononuclear cel l s of the transition group, and many pathological lymphoid forms .

The paper was accompanied by a

series of accurate dr awings of the pathological lymphocytes that have become so well known and are now

~
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considered to be characteristic of the disease .

Sprunt

and Evans, however, realized that no constant eti ologic
agent had ever been described for the disease and very
carefully avoided calling it a d~sease referring to it
only as a clinical entity or syndrome .

This practice

might well be observed today.
Three years later an exceedingly accurate study
of the pathological lymphocytes was made. Downey and
McKinlay ('23) are responsible for the present state
of development of the morpholo gical hematology of this
condition.

Despite this classical con~ribution to

the morpholog ic bl study of these so-cal led mononucl e ar cells there still appears in t he literature considerable confusion in the classific a tion of them.
The majority of t hose author s who have .reported them
as lymphoblasts, immature lymphocytes, promonocytes
and even premyelocytes were apparently not trained
in morphological hematology , and their papers failed
to include accurate f igures f rom which one might dis tinguish the actual c el l type they were seek ing to describe .

To illustrate a few of these instances: Craik

('30) reported studies of the blood in infectious mono nucleosis in which he disagreed with those writers
who called the atypical mononuclear cells leukoblasts of
Pappenheim .

He considered that the cells belonged to

,.i4
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the monocytic series and hence· could have no relationship with the neutrophile series .

Craik was correet

in removing t ~e characteristic cells of infectious mononucleosis f rom the myeloid group, but he classified them
as pathological monocytes called in to the circulation
as a result of the toxin present in the disease, glandular fever.

Wiseman ('31) reported a study of the

lymph ocytes of t ee blood of both rabb its and man and
likewise considered it necessarey to disagree with
Downey on cytoplasmic basophilism as a criterion of
the age of lymphocytes in the circulating blood . He
reported an a ssociation between the basophilic cytoplasm
and the mitochondrial content of young lymphocytes
and inferred that ba sophilic cytoplasm is indicative
of a young cell .

He maintained that cytoplasmic bas -

ophilia was the most reliable indicator of the immaturity of lymphocytes in the peripheral blood .

He also

came to the conclusion that size is not necessarily an
indicator of the age of lymphocytes and stated that
t here is no correspondence between the size of lymphocytes in supravital preparations and fixed films obtained by the cover glass method .

There occurs a change

of size during fixation, wh ich is in no way constant
and makes size an1 unreliable criterion of age .
Even as late as 1934 Stuart et al . reported a
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study including the cytologic aspects of twenty- eight
caseSof infecti ous mononucleosis .

They came to the

0

conclusion that the morpholfgic characteristics of the
cells so typical Of infectious rnononucleos:ts at the
hieght of t he disease were such that they must be considered to be immaturelymphocytes .

In one of their

ca ses supravital methods were used and were interpre ted as coroborating their morphological study .

In

spite of these rather recent reports which tend to
contradict the earlier work of Downey and McKinlay
the majority of well trained hematologists today
agree with Downey that the morphological characteristics of the pathological cells of infectious mononucleosis are as he ori g inally re ported them .
Three d istinct cells types are recognized among
the aty pical mononuclear cells in the blood of p_atients suffering with infectious mononucleosis , and on
this bas is Downey and McF.inlay have proposed a clas sification ( ' 23) whic h may be applied to any case .
The·first type is the one most commonly seen and was
the predominant type in five of t he nine cases originally re ported by Downey and McKinlay .

The cells

of type I are not excessively large when compared
with other leukocytes , but in general are larger than
normal lymphocytes .

There may be a considerable
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variation among the cells of this type, bu t there is

,

constantly noted atypical characteristics which require
one to consider them as atypical pathological forms.
The majority of these cells show a marked lobulation
of the nucleus; althoughthe smaller ones may have a
nucleus that corresponds in shap e to that of a normal lymphocyte.

The chromatin in the nucleus is ar-

ranged in the form of heavy strands and mass es not
sharply separated from the parachromatin giv ing the
nucleus an all-over cloudy appearance.

In some of

the cells, there is a slight condensation of the chroma tin with a corresponding separation of the parachromatin, resulting in the format ion of a definitive network.

In spite o f the marked lobulation of the nuclei

· o f many of these cells, it is evident that all of t hem
belong to the lymphocyte series.

As proof of this,

Downey believes that it is possible to select a complete series of transitional stages leading f rom a relatively normal lymphocyte,on , to one of the larger more
atypical forms.

Downey called particular attention to

the inner nuclear structure as the rnorpholigic key to
building a series of this kind.

The quantity and dis-

tribution of chromatin and its relation to t he parachr omatin within the nucleus are the essential features
to be considered in determining t ~e genetic relationship
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and the stage o f differ entiation of any cells.

On the

contrary the size and shape of the nucleus are of little value in a morphological study, except that they
give a clue to the age of a cell at any particular stage
of differentiation .

In other words it is possible to

distinguish between morphological characters which are
due to immaturity and lack of diff erentiation and those
which are due to ag ing and further differentiation .
These fundamental principles are not original with Downey, but they are universally reco gnized by hematologists wo r king on pathology of the blood .
Applying these principles to the cells of type one
it may be re adily seen that they are highly differentiated mature lymphocytes and cannot belong to the immature or lymphoblastic group.

The typical lymphocyte nuc-

leus, distribution of chromatin and parachromatin, is
identical to that described f ~r t hese typeI cells.

The

chromatin, a r ranged in t he form of heavy strands and
masses wh ich are not sharply separated f rom the parachrornatin, is typical of the inner nu clear structure
of an adult lymphocyte .

Still adhering to these prin-

ciples, the nucleus of a plasma cell with its dense
masses of chromatin often arranged in angular blocks
would be considered to be a nucleus of the lymphocytic type which has undergone further cond ensation.
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~n some of the l a rg er type I cells there is a tend ency
toward a somewhat more diffuse arrangement of the
chromatin , but this is never sufficient to warrant
classification of the cells as particularly young
or lymphoblastic because the adult nature of the nucleus always remains the dominant character .

If the

nuclei o f these cells are comp ared to the nuclei of
cells commonly seen in the lymphatic leukemias, an
obvious difference is immediately apparent .

The nuc-

lei of the leukemic cells, which are natural ly nearer
the stem cells, are characterized by an extremely fine
and regular network, the presence of nucleoli , and the
abundant and d istinct parachrornatin, the nuclear constituent which seems to b e composed of inummerable,
fine, rounded granules embedded in a continuous mass
of chromatin .

T:-, is is the so-called leptochromatic nuc-

lear structure, a term which is used to contrast the
inner nuclear structure o f imrn atu·re cells with the
more adult or pachychr-ornatic nucleus appea:r"ing wi.th the
pro gressive changes o f higher differentiation .

The

nuclei of the larger cells of the type I group are frequently eccentrically placed and in a few cases the
nucleus appears t o f ill the cell almost completely .
The cytoplasm of the cells classifiable as type
I is quite characteristic . The actual degree of bas o-

J_
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philia is somewhat variable, but most of the cells are
very basophilic, much more so t han is usual for the
normal large lymphocyte or large mononuclear .

There

may be an occasional cell with the nuclear and cytoplasmic characters of a plasma cell, but the majority
of these lack the inner nuclear structure typical of
plasma cells although their spongioplasm may be just
as basophilic .

With the usual routine blood stains

the cytoplasm appears dark blue or slate blue but
finely granular and flakey with a background of pale
yellow.

The clear slate blue a ppearance is due to

the predominence of spongioplasm; while the granular
flakey appearance is due to the admixture of pale yellow hyaloplasm .

The distribution of the hyaloplasm is

such that the cell has a vacuolated, foamy or mottled
appearance.

The peripheral portion of the cell contains

relatively more of spongioplasm and hence may appear
darker and more homo ~eneous than other parts ; while if
the nucleus is deeply indented or lobulated, as is frequently the case, the cytoplasm in this region contains
relatively more hyaloplasm and therefore appears much
lighter and foamier than the rest of the cell .

The occur-

rence of one or more azurophile granules in this region
is very common and imparts to the while structure the
general appearance of a centrosome complex.

7
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there is considerable variation in the size and number
of azurophile granules present, they are usually of
t he lymphocytic type, fine and carmine red .
In the nucleus o f t he cells o f the type II categ ory, there is a marked similarity to the plasma cell .
The chromatin strands are very coarse and there are
several dense, rounded or angular masses of chromatin
among them .

They have a more washed appearance and

the blocking of the chromatin is not so pronounced as
in the plasma cells.

The arrangement of chromatin in

dense masses, however, is quite characteristic of plasma cells derived fro m lymphocytes , and the nuclei of
many of the atypical cells of this series approach the
plasma cell type .

The cytoplasm has fewer vacuoles and

its spongioplasm has a smoother appearance, which does
not g ive them t he foamy, s pongy, stippled effect seen
in cells of typeI . It is generally less basophilic and
there is a more even mixing of the spongioplasm and
hyaloplasm .

The cell body is on

the average wider

than t hat of type I, and the nucleus is rarely lobulated .

These considerations indicate t hat the cells

of type II also should be classified with the lymphocytes; al t hough they are older more highly differentiated cells, t h e resemblence is very pronounced .
Cases in which type III predominate are the most

~
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difficult of all to distinguish from the lymphatic
leukemias .

These cells show more of the typical leu-

kemic features than those of the other types .

They

are vacuolated, in general larger than the others ,
and are quite basophilic .

The nuclei appear immature

with a fine sieve-like arrangement of the chromatin .
In the l arger cells, there is as a rule , relatively
more hyaloplasm; but the distribution of the s pongioplasm remains about the same .

A few o f these lymph-

oid cells are seen to contain a single large vacuole
with an included azurophile rod located within the
indentation of t he nucleus .

This is only one of the

features whi ch tends to make them resemble closely the
' malignant' cells of leukemia .

The nuclei o ~ some of

these cells are dedifferentiated to such an extent
that a few of t hem closely resemble stem cells .

Downey

re ported one case which demonstrated c ells whose nuclei
were diffusely vacuolated and in some cases contained ,
as many as t hree nucleoli .

To the casual observer,

type III cells are extremely difficult to diff erentiate
from leukemic cells; although some show evidence of
immaturity, none of them , strictly speakihg , have the
typ~cal nuclei of lymphoblasts .

Rarely will there

occur in infectious mononucleosis cells which actually
are immature, and then they are never sufficiently
numerous to cause anv great d ifficulty in separating
the cond ition from leukemia .

,
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Downey considered that t he lymphocytes of infectious
mononucleosis were sufficiently characteristic to enable one to distinguish in every case between the·
benign and leukemic f orms .

He also admits , however,

that t he blood picture is not absolutely specific for
infectious mononucleosis and reported seeing the same
blood picture in a case of agranulocytosis and again
in one of septicemia.
The oxidase reaction and supravital staining techniques have been used to confirm the morphol ogic studies.

McLean ('29) r eported that the large mononuc-

lear cells of i nfectious mononucleosis failed to react
to the oxidase staining methods; and yet, cytoplasmic
rosettes coul d be demonstrated by the use of supravital
neutral red .

He made films from the peripheral blood

and touch preparations f rom sectioned axillary nodes
biopsied during the course of the disease .

From their

reactions to these special staining techniques and morphological studies he concluded that the cells of infectious mononucleosis were identical to the lymphoendotheliocytes and seemed to be proliferated from the
reticuloend othelium of the lymphatic glands.

The

cause of t his proliferation of the reticuloendothelial
ce l ls is, of course , unknown , but McLean proposed a
theory which might serve to explain their occurrence .
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He reasoned that since t h ere is a s hift to the left in
the segmented forms and yet no increase in the total
myeloid count, there is ind icated a demand on the bone
marrow for which there is no adequate response .

As a

result of this continued demand t nere is a proliferation of atypical mononuclears f rom the reticuloendot helial system .
Wilson and Cunningham ('29) ap]il.ied the supravital
method to several different conditions characterized
by a mononuclear cells response.

They developed the

9pinion that by means of the supravital method certain
changes, unrecognizeable in fixed and stained smears,
become apparent and are of distinct diagnostic value
in the se paration of these conditions.

Among the most

valuable individual criteria available from this method
alone are the changes in the nuclei, the presence and
character of the nucleoli, the amount and reaction of
the neutral red vacuoles, and the size and number of
the mitochondria .

In cases of infectious mononu.cleosis

proven by the usual methods; the supravital technique
revealed that the neutrophiles, though decreased in
number, were normal in appearance and activity.

The

monocytes and small lympho cyte s ~anifested nothing that
could be considered as abnormal.

The increase in the

total leukocytes was found to be due entirely to the

~
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rise in the intermediate group .

These cells were found

to store a normal amount of neutral red and showed little if any increase in the mitochondria; some, however,
were slightly larger than normal .

In most of these cells

the nuclei were indented even to the point of lobulation
but showed no other irregularities.

Abnormal types of

cell division were not seen in these preparations .
Scrapings from the excised glands were also examined
by the supravi tal method .

T.he majority of cells seen

in the tissue preparations were lymphocytes of the intermediate type .

They contained small amounts of neu-

tral red and the mitochondria were only slightly increased in number .

The authors observed a few large

cells which were apparently derived directly from the
ger ~inal centers; some of these were in various phases
of mitotic activity .

A few cells resembling clasmato-

cytes were noted, but rnonocytes, eosinophiles, and epi thelioid cells were absent .

Using' only the criteria

of supravital preparations , there was nothing particularly characteristic of infectious mononucleosis in
either the peripheral blood or the preparations of excised glands . ~y this method, however, it was possible
to exclude such confusing conditions as: tuberculosis,
Hodgkin's disease, lyrnphosarcoma and the leukemias .
The fact that the gland preparations showed an absence

L.
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of monocytic stimulation and a very definite lymphatic
stimulation as well as tbe depression of neutrophiles
and lymphocytosis of the peripheral blood precludes a
diagnosis of tuberculosis. In Hodgkin 's disease one
would expect an increase in both eosinophiles and
neutrophiles; while in lymphosarcoma the neutroph11es
tend to be small in type.

In the acute forms of lym-

phatic leukemia, one finds lymphocytes in which the
mitochondria are greatly increased in number and considerably smaller than usual.

The intense red of the

neutral red vacuoles indicates an increased acidity.
In acute leukemia every nucleus can be expected to
show at least one large nucleolus; while many cells
show two or three, and the nuclei may be seen in the
various stages of arnitotic division.

Observing

the

cells of infectious mononucleosis , the predominance of
intermediate lymphocytes would ar3ue against chronic
lymphatic · leukemia in which small lymphocytes usually
predominate.
A further addition to the blood picture of infectious mononucleosis was made by Osgood ('35). Fenestrations of the nuclei were observed in twelve cases
o f· infectious mononucleosis, and had not been observed in either normal or other specimens of pathological
blood .

These fenestrations resemble nucleoli but ac-

tually are perforations. Many pass through the nucleus

....
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at such an angle to t he rays of li ght that they appear
as li ghtened areas or decreased densities somewhat
oval in shape.

Those which happen to be parallel to

the beam of light are obviously holes or perforations
in the nuclear structure.

They may be differentiated

from nucleoli by the fact that they are toa> numerous
and their background is the same color as the nuc l eus
but paler; wh ile in t he case of nucleoli, the color is
clear blue with no tinge of red in it.

The fenestra-

tions are most frequently seen in nu clei of otherwise
normal lymphocytes of the smallest size although they
may occasionally be. present in the nuclei of larger
ones.

Osgood has found them to be present in only a

relatively few lymphocytes, and stated that they may
be overlooked if only one hundred cells are counted.
They have been present in all of the ca ses seen by
Osgood, and he believed t hat they could be used as
anoth er dia gnostic criterion of infectious mononucleosis .

He was unable to attach any particular sig-

nificance to them.

Heck ( 1 38) observed similar fen-

estr ations in the nuclei of lymphocytes in acute lymphatic leukemia, and suggested that the change is of
very questionable importance .

....
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Patholo.s1
The problem of the pathology of infectious mononucleosis dates back many years .

Until the report

of Sprunt and Evans ('20) , the diagnosis in most of
the reported cases was quite questionable, and the
findings were rather poorly described .

Most of the

pathological reports stressed hyperplasia of the
lymph glands, but each author singled out a different
portion of the lymphatic tissue as the most highly involved .

Sprunt and Evans stressed a generalized hyper-

plasia of the lymph nodes and singled out the hyperplasia of the sinus reticulum as being the most consistently predominating feature .

Longcope ( ' 22)

claimed that the hyperplasia was limited chiefly to
the follicles and germ centers; while Mclean ( ' 29)
urged a generalized hyperplasia of the reticulum .
Fox ('27) reported studies of a tonsil and a lymph
node removed at the height of the disease including
supravital preparations , oxidase stains and dry smears .
The supravital preparations were made by extracting
a cellular emulsion from the glands in normal saline
and staining the cells with neutral red and janus
green .

His work, although cleverly executed, was not

exceptionally productive and may be summarized briefly .

~
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There was extreme variation in the staining characteristics of the small mononuclears ; while the
larger cells appeared the same in all fields and
slides .

Approximately ninety-three percent of all

of the cells were apparently members of the lymphoid
series with the remainder resembling clasmatocytes,
polynuclears and reticulum cells.

Oxidase granules

were visible in only an occasional segmented form,
and the polychrome stains corroborated the information obtained from the supravital technique.

He

also came to the conclusion that the lymphatic tissue
of infectious mononucleosis showed marked hyperplasia,
notably of the small lymphoid cells and to a lesser
extent of the large mononuclears.

Phagocytosis of

fragments, but not of whole cells, was seen.

The

lymphocytes appeared soft and degenerating , and no
monocytes were seen.

In general , according to Fox,

the histology of infectious mononucleosis is not
distinctive; unless it be that there is marked hyperplasia of all elements with an attempt to retain the
typical architecture of lymphatic tissue.
The problem of the pathology of the lymph nodes
in infectious mononucleosis was attacked again by
Downey and Stasney ('36).

Their material included

~
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studies of dry imprints or touch preparations , stained
with polychrome stains and histolog ical sections of
the same biopsied nodes from eight proven cases of
i nfectious mononucleosis .

Four of the nodes were

taken at the hei ght of t he disease and four either
earlier or l a ter .

In every case blood studies were

made both before and after the operation .

The degree

of patholog ical alteration of the nodes was found to
be quite variable .

The variation was due in part

to the severity of the case and in part to the time
afte r t he onset that the specimen was taken .

However,

some ~ifferences in the character of the alteration
were noted .

Beyond t h is, within any g iven node, there

is also cons iderable variation ; some areas being quite
normal wh ile others were severely involved .

Downey

a nd Stasney sugge s t that nearly all authors who have
reported pa t holog ic stud ie s of nodes can find support
for their conclusions in parts of t he present series
(Sprunt and Evans,, Long cope, Fox , and McLean) .
One of t he most consistent characteristics of
this series of nodes was the occurrence of nodules
composed of rounded reticulum cells .

This phenomenon

is not specific for t his dise a se s i nce it has been
seen in several other clinical conditions; however ,
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it seems in every case to be as s ociated with an immunity reaction of the reticulum and may possibly
indicate that there has been a previous sensitization to the infecting agent in infectious mononucleosis.

In general the pathological changes which

were found to be more or less consistent through the
series of nodes were: "hyperplasia of the general and
sinus reticulum, nodular foci of rounded reticulum
cells, hyperplasia of t he follicles and germ centers
in one case in wh ich the node was not removed at the
peak of the disease, absence of follicles and germ
centers in advanced cases, dense areas of small
lymphocytes and looser areas in which the lymphocytes
were qu ite variable in size and structure, presence
of large lymphocytes with pale nuclei and basophilic
lymphocytes with lobulated nuclei in looser areas
and in s i nuses, more or less obliteration of sinuses
and structure depending on the degree of involvement,
structure never so completely obliterated a s in advan ced lymphatic leukemia, no invasion of the capsule
or t h e surrounding tissue by t he lymphocytes of the
node, presence of groups of plasma cells in most of
the nodes."
Downey and Stasney believed tha t their material
gave much evidence for the formation of lymphocytes

1
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from the reticulum, a question which has long been
in doubt.

They also found the intermediate stages

between the reticulum cells and lymphocytes to be
so numerous that complete series of transition stages
could be easily found.

They considered this heter-

oplastic re generation to be more active than in normal nodes.

The younger lymphocytes were seen to pos-

sess some of the characters of the reticulum cells
in their nuclear structure, and were therefore not
identical to the lymphoblasts of acute lymphatic
leukemia.

The extreme basophilia, they found, as

well as other atypical characters could be acquired
at any stage in development and at any stage a few
cells could be washed into the circulation.

The disease

must be considered as one characterized by a rapid
maturation of the lymphocytes which proceeds in spite
of the activation of the lymphatic tissues by the infecting a gent.

Hence, the transformation of lympho-

cytes into plasma cells, which was frequently observed,
may be cons idered as a process of over-ripening.

This

acceleration of the ripening proces s is so conspicuous in the disease that it must be considered to be
one of the essential features.

The atypical characters

•

of t h e cells in the peripheral blood can develbp in

~
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the nodes and also apparently normal lymphocytes
can become atypical after entering the blood stream.
The atypical cells are believed to be but another
manifestation of the infecting agent.
Although these authors were not prepared to say
that all the lymphocytes in lymphatic leukemia are
derived from pre-existing lymphocytes and are therefore homoplastic; they can state that most of the immature cells of lymphatic leuke~ia closely resemble
lymphoblasts and are therefore different from the immature cells of infectious mononucleosis, which are
derived from the reticulum cells and are therefore
heteroplastic .

In infectious mononucleosis there is

also a very active homoplastic formation of lymphocytes, but these too, mature rapidly and do not tend
to remain relatively undifferentiated or immature as
is the case in acute and subacute leukemia.

Further-

more, never in infectious mononucleosis is there a
complete loss of structure or the invasion of the
capsule wh ich is always the case in the advanced
leukemias.

Early leukemia may, however , present a

picture very similar to that described for infectious
mononucleosis.

Downey and Stasney nevertheless believe

that the hyperplasia seen in infectious mononucleosis

~
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is far less extensive and shows far less polymorphism in histological and blood pictures than is
characteristic of even the early lymphatic leukemias.
From the study of the disease in its many aspects
the authors conclude that the histological and cytological features together with the blood picture, indicate a reaction which is more or less leukemoid in
nature to an infective, toxic, lymphotropic agent.
They believe that the histological picture points to
the location of the toxic agent within the lymph nodes
and cite the antibody reaction of Paul and Bunnell
as further evidence to support this conclusion.
To complete the pathological picture, bone marrow
studies were made by sternal puncture on one case of
inrectious mononucleosis (freeman '36).

Since the

disease is always self limiting and never fatal,
autopsy reports on proven cases are lacking.

In my

opinion considerable can be learned in regard to the
disease from bone marrow studies and adeqate consideration of the spleen; however , at present we must be content with the report of a single case where sternal
marrow was studied.

Freeman reports that the marrow

spaces in his cases of infectious mononucleos is were
filled with both mature and immature lymphocytes.

•
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g enera l h e considered t h e picture to be almost identical to t h at of an acut ~ lymphatic l euk emia.

In fact,

h e concl uded that gl endul ~r fever may really be an
abortive benign form of acute lymphatic leukemia • . If
t h e marrow spa ces were filled wit h lymphocytes, one
mi ght expect to find a picture somewhat similar to the
one described by Downey and Stasney for the lymph nodes,
but no attempt wa s made to describe in d etail the cytologic picture of t h e lymphatic hyperplasia found in
t h e bone marrow.

SEROLOGY
Ry virtue of a fortunate accident the serologic
aspect of infectious mononucleosis was discovered by
Paul and Bunnell ('32).

Dur i ng an investigation of

the increas ed titre s for hemolysins and agglutinins
for s heep red cells f ound in patients wh o were sufferin g with serum disease, they discovered the presence of heterophile antibodies in t he form of sheep
red cell a ggl u tinins in rathe r hi gh concentrations
duri ng th e a ctive stages of four ca s es of infectious
mononucleosis.

Apart f rom t hose pa tients suffering

wit h serum disease, infectious mononucleosis, and
t ~ose who had recently received an i njection of horse
serum, the antibodies were not f ound in a large number

~
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of other diseases representing a variety of clinical
conditions including Vincent's angina , lymphatic leukemia , and other blood dysc.rasias .

The original report

offered two possi~le e xplanations for the phenomenon .
''a . ) The unknown a gent responsible for infectious mononu cleosis contains the heterophile antigen orb . ) it
represents an example of isoagglutinin production
.,

elicited by abnormal cells wh ich e re present eit her in
the blood or elsewhere, during the active stages of the
disease . "
A year later Bunnell ( ' 33) introduced this antibody reaction as a diagnostic test for infectious mono nucleosis .

He used the heterophile antibody reaction

in some two thousand cases representing twenty- six different clinical conditions and found that serum sickness (following t he injection of horse serum) and infectious mononucleosis were the only clinical conditions
wh ich consistently manifested a titre of 1 : 64 or
higher .

He recomended the use of this reaction in the

diagnosis of the many blood dyscrasias and other conditions wh ich closely simulate infectious mononucleosis .
The problem of the serologic diagnosis of infectious mononucleosis was then almost completely
taken over by Davidsohn (' 35a, ' 35b, ' 37, '38a, '38b),
who has been largely responsible for the many refine-
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ments and inprovements in technique.

The hemolysins

and the agglutinins in the serum of normal persons
and in persons injected with horse serum are called
heterophile antibodies because they seemingly possess
the property of reacting with an ti gen i c substances
(sheep red cells) which had nothing to do with their
origination .

They possess that property in addition

to the ability t o react with their homologous antigens .
Some heterophilic antibodies are r emoved by absorption
from human or animal serum by t i ssues of various ani mals ; horse , chicken and guinea- pig, and by certain
strains of bacter i a .

The antigen in these animals and

bacteria is known under the name of its discoverer as
the F oresman heterophile antigen .

The Forssman anti -

gen is by far the most widely known among· the entire
group of heterophile antigens . I t is, however , only one
of a rather large group of antigens which has frequent ly been spoken of, incorrectly , as the Forssman anti-

.

gens .

Davidsohn h a s been able to prove by absorption

tests that the antigen found in the serum of patients
after horse serum therapy and in certain normal persons
is of the Forssman type , and by analogy it was assumed
for years that the antibod i es of i nfectious mononucleosis
were of that type .

However , Davidsohn ('35) points

out that they are not of the.Foresman type , but are an
entirely different heterophile antibody .

On this basis

~
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a useful refinement of the original Paul-Bunnell reaction was developed .

The refined reaction now invol-

ves the absorption of a specimen o_ serum from a suspected case of infectious mononucleosis with the kidney
of a guinea-pig and an other specimen of the same serum
with the kidney of a rabbit .

In the case of serum dis-

ease where one is dealing with the Forssman type of antigen; the antibodies, a ggl ut i nins and hemolys i ns ,
will be almost completely absorbed by the kidney of t h e
guinea-pig and only partially absorbed by the kidney
of t h e rabbit .

In cases of infectious mononucleosis ,

where the antibodies are not of the Forssman typei the
absorption will be only partial and about equal in degree in both tissues .

One has then only to measure the

differ ence in absorption in the two specimens to differentiate between serum disease an infectious mononucleosis .

In the same year the time reqired for running

t he re a ction was reduced to two hours and the accuracy
of the reaction was increased by the development of a
new micro-technique .
For some time cases had been reported in which the
clinical and hematological manifestations of infectious
mononucleosis were ·quite obvious,and yet the Paul-Bunnell test was never positive .

Davidsohn reported sev-

eral cases of this nature( ' 37), end concluded, that in

~
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all probabi l ity there are at least two types of infectio us mo nonucleosis , the s eropositive and the serone gative v ariety .

He also expressed t he opinion that

sinc e at pres ent not h i ng definite is known concerning
the etiology of the disease ; and s i nce the morphologi c
change s in the blood a re not speci f ic , the antibod i es
in t he blood serum offer the best possibilities for
d iagnosis even though they occasional ly fai l.

And ,

furthermore he st a ted , when t h e etiol ogy is eventually
worked out , it may become a pparent that we h ave been
deali ng with a group of rel a ted d i s ea ses rather than a
si ngle entity .
At the present time the ori g inal Paul - Punnell reaction is d ivided into a presumptive and a diagnostic
or differential test ( Davidsohn ' 38).

The presumptiv e

test is simply a refinement of t h e ori g ina l Paul ~Funnel l r e action and is considered diagnostic in those
c a ses whe r e t he titre is 1 : 224 or mor~1 a nd t he clinical and hematological fe a tur es are typical .

It is of

the gre atest usefulne ss in check i ng t he cl i nical and
hematolog ic finding s of a t ypical case , and in excluding t he possibility of infectious mononucleosis from
t hat l ar g e group of cases wh ic h are di f ficult ~o differentiate on ot her finding s .

The differential test

is of v al ue only i n a very limited group of cases . I t

r'
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may be deftly applied to that group of cases which are
otherwise indistinguishable from infectious mononucleosis and h ave the so-called border-line titres , 1 : 56
or 1: 112 .

It is of value in the rec ognition of late

cases in wh ich t h e blood picture is no longer typical
and yet low serum titres persist for several months .
Also it is possible to apply this test to cases that
are complicated by a recent in j ection of horse serum
or serum di-sease .

The differential test involves the

separation of the Forssman antibodies from those of infectious mononucleosis by absorption with animal tis sues , and a redetermination of the titre in the serum
following the absorption .
Further ob~ervations on the serologic aspect of
infectious mononucleosis were made (Warre n '41) , and
the following facts have now been established .

The

heterophile antibodies of the Forssman type are increased ab ove the normal limits prior to the development of
the heterophile antibodies of infectious mononucleosis ,
and possibly . are essential for their appearance .

The

typical lymphocytes of infectious mononucleosis have
frequently been observed in diseases other than infectious mononucleosis tut only in very small numbers , 1
to 10 percent .

In t hese cases the Paul-Bunnell reac-

tion is always ne gative, and t he clinical manifestations,
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though they may be variable, are not those of the disease .

Warren is at this time not certain, but believes

that only when the proportion of these abnormal cells
becomes considerable does the Paul- Bunnell reaction
become positive .

Though many steps have been taken to -

ward the refine ~ent of the reaction since the original
report of Paul and Bunnell; every paper suggest the
necessity for furthBr study in this field .

j
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Monocytic and Lymphocytic leukemoid
Reactions other than
Infectious Mononucleosis
Leuke3oi d reactions of the non-granular type,
other than infectious mononucleosis, are not frequent;
however, several case reports have filtered into the
literature and will be considered briefly .

One of the

e arliest reports of this nature (Landon ' 25) involves
two c a ses, both of which were considered to be acute
lymphatic ieukemia .

Inone ce se, upon the eventual re -

cpvery of the patient , the diagnosis was changed to
infectious mononucleosis .

In the second case the diag-

nosis was changed by the very typical autopsy findings
of acute miliary tuberculosis .

In t he two cases there

was both a relative .and absolute increase in the number of mononuclear cells .

~he second showed 97 percent

of the leukocytes on differential to be mononuclears .
In view of his two cas es, Landon concludes that a high
relative and absolute mononuclear count associated with
persistent fever and enlargement of the lymph nodes are
not enough to establish a d iagnosis of lymphatic leukemia .

He suggests t hat the diagnosis must await the

development of further symptoms and repeated blood examinations demonstrating thor oughly typical blood
changes .

r
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Tuberculosis is only one of a number of conditions which may produce this type of blood picture.
Von Jaksch's anemia or pseudoleukemica infantum has
been reported to at times very closely resemble acute
lymphatic leukemia (Cooley '25 and '27, and Ellis '35)
although a leukemoid blood pi cture of the myeloid type
is more common in this condition .

Krumbhaar ( '26) re-

ports seeing a number of non-specific infections with
a definite lymphocytosis rather than the usual polynucleosis.

None of his cases, however, presented

usual diagnostic

un-

pr oblems save one, in which complete

confusion persisted even after autopsy.

This case was

early thought to be a Banti's disease with the usual
anemia, splenic enlargement, leukopenia, and a relative lymphocytosis .

As the case progressed the blood

picture became definitely leukemoid or leukemic .

Fol-

lowing autopsy, he reported that either leukemia in its
aleukemic stage may simulate Banti 's disease, or that
Banti 's disease may be followed by leukemia or may terminate in an indistinguishable leukemoid blood picture .
Fitz-Hugh ('32) added a series of conditions in
which the blood picture may very closely simulate leukemia .

He mentions pertussis, tuberculosis, Hodgkin's,

syphilis, ieukos arcoma , lymphosarcoma, and papillary
cystadenoma of the ov cry,as in his experience, being

~
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able to produce definite leukemoid blood pictures
of the lymphatic type.

Monocytic leukemoid reactions

were observed by ?itz- Hugh in cases of arsephenamine
sensitivity, rapidly advancing fatal tuberculosis,
dur"ng the recovery phase of agranulocytic angina, and
in an advanced case of streptococcus viridans endocarditis.

In the latter, the total leukocyte count

reached 25,000 with the differential count showing

30 percent monocytes .

A case of lymphoblastoma, pro-

ven at autopsy, was observed (Stasney and Feldman '38)
in which daily studies of the peripheral blood showed
the presence of numerous immature lymphocytes. The disease, which incidentally occurred in a calf, was given the name'leukemic lymphoblastoma' .
vrom these brief reports it is apparent that mononuclear leukemoid reactions although not particularly
frequent , represent a series of conditions to be held
in mind when dealing with one of the clinical entities
with which they are occasionally associated .

In speak-

ing of causation in respect to this group of reactions,
little has been said.

They have been enumerated in

association with another disease entity, which in a
sense can be considered the cause, but only an indirect one.

Since the disease entity with which the re-

actions have been associated is known to occur far more

I
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frequently in the absence of a leukemoid reaction, it
might be well to consider it the precipitating cause
and attempt to assign something far more fundamental
and basic as the direct cause of the leukemoid reaction.

Since no essenti a l differ6ncesbetween the mono-

nuclear and polynuclear types of leukemoid reactions
have been demonstrated, the cau s es of both will be considered together and later.

~
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POLYNUCLEAR OR MYELOID LEUKEMOID REACTIONS
One of the earliest reports of a leukemia-like
blood picture of the myeloid type which drd not progress to a true leukemia and death, was observed
(Simon '07) following a compound fra cture of the
ankle.

Two weeks after the injury, during which time

there was no evidence of leukemia and essentially normal blood counts, cellulitis developed and an amputation was performed .

The day following the amputation

the total leukocyte count rose to 50,000 and the differential count showed 17 percent basophiles , 15 percent neutrophile myelocytes, and 5 percent normoblasts.
The spleen was definitely ~nlarged and remained so
for one month; while the blood picture slowly cleared.
The patient was seen again thirteen months later and
was normal in every way.

the blood smears were describ-

ed as being typical of myeloid leukemia even to the increased basophiles which has been described as characteristic of the myeloid type.

Simon believed that his

case nepresented a crisis in which both red and white
cells were poured into t he circulation following extensive destruction of red marrow by the fractur~ injury.
An atypical case of leukemia was reported (Gutman

'24) in which the patient slowly devel oped a set of
symptoms exactly comparable to tho s e of leukemia, fol-

1
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lowed a progressively down-hill course, terminating in
a crisis chEr a ct e rized b v hemorrhages into the mucous

.

membranes, and then slowly recovered .

Two years after

the initial episode the hematologic examinations as
well as the patient were entirely normal .

During the

course of the disease the myelocyte count reached a
high of 29 p e rcent with many transitional forms and
dry smears possessed every evidence of leukemia .

The

only atypical feature, other than the recovery , was
the relatively normal state of the red cells through
the entire process .

ThB author thou ght

that the blood

fi ndings and t h e clinical picture were sufficient to
justify the diagnosis of leukopenic leukemia , from
which he believed his pa tient h a d recovered .

Few to -

day would agree that t h is really was a true leukemia,
and in all probability it represented a rnyeloleukemold re a ction .
Cooley ( ' 25) very adequately described the l e ukemialike blood pictures seen in Von Jaksch's anemia , and
to nake the diagnosis still more difficult t h is condition shows a profound a nemia as ~ell as a remarkable
splenic enlargement .

The term leukemoid was apparently

first used by Yrumbhaar ( ' 26) in his description of a
series of clinical

conditions in which t he prognosis

was confused by a leukemia-like blood picture .

He

~

~
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described t e n cases in which the hematologic findings
alone would be indistinguishabl e from those of leukemia.

Only three of his cases, however, presented any

real difficulty in diagnosis .

He came to the cpnclu-

sion that acute infections may be at times so severe
that myelocytes as well as myeloblasts are called into the blood stream as a terminal event.

The summa-

tion of hemorrhage, infection, and a neoplasm, as might
occur in advanced carcinoma of the breast, he considered to be the most potent stimulus to leukogenesis .
·, owever, if the stimulus was one of a very gradual increase, extremely high counts cou l d be maintained without the a p pe a rance of immature for~s in the peripheral
blood.

Inhibition or intoxication of the bone marrow

and agranulocytosis were both occasionally followed by
the appe a rance in the c~rculating blood of immature
forms in rather large numbers .

He also found it impos-

sible to disting uish between myeloma and myeloid leuk em ia by hema tologic criteria alone .

Krumbhaar conclu-

ded that an occ a sional infection occurred in which it
was impos s ible even at autopsy to distinguish between
the t e rminal leukemoi d blood picture wit h. bone marrow
hyperplasia and infiltration of the viscera, and an
acute, t e rmi n al, true leukemia .
Downey, Major and Noble

('30)

described four cases
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of rnyeloleukemoid blood pictures .

One was found to

have at autopsy an appendiceal and mult iple liver abcesses and a portal thrombophlebitis with no evidence
of leukemia .

The ot her three cases occurred in the

same family following the use of 30 percent mercury
ointment for scabies infestation .

All three had mild

upper respiratory infections at the time, and he suggested that the combination of the upper respiratory
infection with the mercury intoxication may have been
responsible for the leukernoid blood reaction .

The re-

action was apparently complicated by a depression of
the blood platelets, for there was bleeding from the
mu cous membranes and a considerable anem ia in all cases .
A series of cases were reported by Thompson ('31)

in

which oral infections were the most frequent cause of
leukemoid reactions with burns complicated by infection,
gangrenous appendix , tuberculosis, bronchitis, and gangrene of the testicle as other causes.

Fitz-Hugh ('32)

observed several leukernoid reactions and proposed a
classification based upon morphology.
Two cases of acute fatal tuberculosis were reporte d in which there wa s a generali zed glandular enlargement accompanied by fever and loss of weight .
demonstrated myel oleukemoid blood pictures .

E oth
The two

cases at necropsy showed the entire lymphat ic system

•
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to be hyperpl a stic and heavily involved .

Muller and

Werthman ('32) described cases of carcinoma with extensive bone metastises showing leukemoid blood pictures .

They likened the invasion of the blood stream

by the malignant cells to an injection of a foreign
protein resulting in marrow stimulation. In 1935
Erklentz reported observing myelol e ukemoid blood pictures in several cases of p e rnicious anemia during a
remission produced by the administration of liver extract.

He found that a definite l e ukocytosis occurred

coincid ent with the reticulocyte r esponse, wh ich showed sufficient young forms to cause one to consider
a diagnosis of myeloid leukemia .

Kugelmeier ('35) ob-

served two c ase s of c a rcinoma of the stomach; both presented a blood picture which was indistinguishable from
tha t of a myeloid leukemia.

He considered the encroach-

ment on t h e bone marrow to be the important factor in
the production o f the atypical leukoc yt osis .

A defi-

nite myeloblastic blood picture was observed in a case
of an overwhelming acute tuberculous sepsis (Leibowitz

'38), in which practic2l ly every orga n of the body was
involved.

Hecv and Hall ('39) ob served severa l

cases

'

of leuk e moid reactions and developed a classification
on the bBsis of causation .

Leukemoid blood pictures

were observed f ollowing sulfapyridine administration

,...
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(Greenwald, Reinstein, and Goldbloom '41).

Three of

these c ases were complicated by a thrombocytopenic
purpura and a hemolytic anemia ; all received repeated
transfusions and recovered .

The authors considered

the atypical leukocytosis to be the result of bone
marrow irritation by the specific drug therapy .
Hill and Duncan ( '41) reported nine cases of leukemoid reactions, which had come under their observation in the past few years .

They suggested that the

term leukemoid reaction should be restricted to that
group o f cases in which either the total leuko c yte
count surpasses 50,000 or immature cells of the blast
stage are observed including also those cases presenting a combination of the two conditions in the -same
blood picture.

Their cases were classified into tbree

general groups on the basis of the mechanism by which
blood formation was disturbed and the leukemoid reaction
was produced .

A few c ases were seen which could not

be placed clearly into any one category, but seemed to
belong, in part at least to two or more .

•

The classi-

fication includes conditions caused by bone marrow irritation or stimulation, liberation leukocytosis, and
ectopic hematopoiesis .

Some of their c ases

01

leukem-

oid reactions in carcinoma with extensive metastises
must be considered as bone marrow irritations; while

~
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also there was present some encroachment on the marrow by the metastatic lesions and a resultant ectopic
bematopoiesis .

One o f their cBses, proven at autopsy

to be an osteosclerosis, with almo s t complete elimination of t he bone marrow by the sclerosis, presented
cells in the blood even more immature than the myeloblast .

These c ells were thought to correspond to

primitive free cell of Sabin .

the

Even at necropsy the

diagnosis was difficult because of the ectopic centers
of hematopoiesis in the lungs, liver, spleen , kidney
and lymph glands .
Classification
Several attempts have been made by various authors to classify these widely variable hematologic conditions .

Krumbhaar ('26) placed them all into two

groups; one which simul a ted leukemia in the hematologic f indings only, and a second which presented symptoms as well as a blood picture difficult to differentiate from a true leukemia .

Th~s classification proved

to be of little value in the dia gnos is of the conditions
and took no note of the possible causes of the reactions .
Thompson ( ' 31) presented his cases in t wo groups based
upon the total leukocyte count .

He thus took into con-

sider a tion the possibi l ity of a leukemoid reaction dev eloping in association with a leukopenia as well as

,,.
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wit h a leukocytosis.

Unfortunately, in all of his

cases infection was present . and was considered to
be a predisposing cause.

A morphological classifi-

cation was proposed by Fitz-Hugh ('32), which is
essentially the same as the gerieral classification
used in this paper with the addition of infectious
mononucleosis.

The myeloleukemoid reactions were

broken down by Hill and Duncan ( 1 41) into the three
simple groups previously mentioned.

The classifi-

cation is based upon causal relationships and certain
general features of the total blood picture, which
are of definite aid in the recognition of the condition.

Their classification is of such value that

it would seem to be worthwhile to consider it h ~re in
detail.
Classification of leukemoid reactions
of the myeloid type according to
~

apparent caus¥t,ive mechanism.
I.

(Hill and Duncan)

Bone marrow irritation or stimulation:
this may be physical, chemical or allergic in character.
A.

General features of the blood picture
1.

High leukocyte count, often
over 75,000.
,
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2.

Eosinophilia and basophilia
are frequently prominent .

3.

The degree of leukocytic immaturity is less marked than in II or
III, usually myelocytes with few
or no myeloblasts .

B.

Conditions or diseases capable of
producing this type of reaction .
1.

Osteomyelitis and complicated
bone fractures .

2.

Metastatic carcinoma of bones .

3.

Chronic infectious granulomata
of bones .

4.

Hodgkin's disease with bone
marrow lesions .

5.

Severe reactions to intravenous
medication .

6:

Severe reactions following transfusions .

7.
II .

Pyogenic infections .

Liberation Leukocytosis :

marrow responses

to an overwhelming demand .
A.

General features of the blood picture.
1.

Leukocyte count is variable,
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usually less t han that of g roup
2.

r.

No definite eosinophilia in most
of the cases.

3.

Degree of leukocyte irnrnaturily
is g enerally greate~ than that
of group

B.

r.

Conditions or diseases capable of
producing t h is type of reaction.
1.

Acute hemolysis in;
a.

Sulphonamide therapy.

b.

Familial hemolytic anemia.

c.

Blackwater fever of malaria.

d.

Sickle cell anemia.

e.

Hemolytic poisons; phenylhydrazine etc.

2.

Erythroblastic anemia.

3.

Pernicious anemia in crisis.

4.

Following severe hemorrhage.

5.

Recovery phase of granulocytopenia.

6.

Polycythemia, especially in the
anemic phase following therapy.

7.

Septicemia

8.

Stage of impending death in acute
infections.

~

-60-

III.

Ectopic hematopoiesis:

Formation of

blood producing foci outside of the bones.
A.

General features of the blood picture.
1.

Leukocyte count is relatively lower,
often in the normal range.

2.

Eosinophilia is not prominent.

3.

Degree of leukocyte immaturity is ,
more marked than in groups I and II.

B.

Conditio ns or diseases capable of producing this type of reaction.
1.

Osteosclerosis and osteofibrosis.

2.

Prolonged increased demand in:
a.

Chronic form of familial
hemolytic anemia.

b.

Prolonged untreated pernicious anemia.

3.

Tumors with extensive replacement
of bone marrow.

4.

Lipoid histiocytosis.

This classification, based on app arent causal
mechanisms has been found to be very useful in the
recognition and diagnosis of leukemoid reactions.
It suggests to one immediately the many abnormalities other than leukemia which must be considered
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when wide deviations from the normal blood picture
appear .

It lists in systematic arrangement the

conditions which may at times produce leukemoid blood
pictures and hence, are to be ruled out in a difficult case before one can make a diagnosis of leukemia.

Certain other characteristics of the blood

picture, however, can be of definite advantage in
differentiating a leukemoid reaction from a leukemia .
Differentiation from Leukemia
Most cases of leukemoid reactions offer little
difficulty in diagnosis; however , a few cases may be
difficult if not impossible to differentiate from a
true leukemia .

Hill and Duncan suggest three consi-

derations which may be of unusual practical value in
making a very fine distinction .

First, the recogni-

tion or history of any o~ the clinical conditions
known to be capable of producing a leukemoid blood
picture should cause one to consider very carefully
before making a second diagnosis of leukemia .

It

must be remembered that the conditions listed in the
classification need not produce a leukernoid reaction
in every case, in fact they rarely do .

Secondly , a

careful hematologic examination of the blood smear
may bring forth differential features or even definite
criteria of either a leukemoid reaction or leukemia .
,

~
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Third, laboratory estimation of hemoglobin values
and a platelet determination may be of considerable
help in the final diagnosis.

Characteristic of the

leukemoid reactions is the fact that both the immature
and mature cells in the stained smears exhibit a relatively normal morphology; while the leukocytes of
true leukemia, and especially the immature ones, are
definitely atypical. In this respect toxic granulation so commonly seen in leukocytosis must not be considered an atypical characteristic.

In the leukemoid

reactions myeloblasts are commonly seen, but their
relative incidence falls usually in the neighborhood
of 10 percent; while in most cases of leukemia they
are relatively more numerous, frequently as high as
90 percent .

The consideration of the red cells is

an important one in making a fine distinction.

In

leukemoid reactions iffimature red cells, normoblasts
and erythroblasts, are frequently increased; but
usually they are increased in proportion to the immaturity of the leukocytes.

In the leukemias the

red cells are rarely increased in proportion to the
leukocyte immaturity.

The platelet count in the great

majority of leukemoid blood pictures is normal or only
moderately decreased; while in the leukemias, except

~
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the chronic myelogenous form, the platelet count is
usually depressed and often severly .

It is unusual

to find an anemia accompanying a leukemoid reaction
unless it be of the hemolytic variety, and these are
usually easily recognized.

The leukemias always show

a steadily progressing anemia which terminally becomes
severe.

A careful consideration of these hematologic

findings may be of considerable value in arriving at
a final diagnosis.

Altbough none of these enumerated

findings can be considered to be highly significant
alone; a summation of several on one side or the other
may serve to direct the observer's thought int·o the
correct channel.
Discussion
In leukemoid reactions in general the immaturity
of the cells can progress to extreme degrees; cases
have been reported in which cells have been seen in
the peripheral blood even more immature than the myeloblast.

Hill and Duncan reported observing cells in

the peripheral blood which correspond to the free cell
of Sabin.

The degree of leukocyte immaturity then can-

not be considered as a basis for differentiation; although in most of the leukernoid reactions the degree
of immaturity is not great.

There are, however,

~
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essential differences which can be distinguished by
an examination of good blood smears .

In the leuke-

moid states the immature cells are abnormal only in
their lack of maturity .

They fa i l to show the atypi -

cal features which are so characteristic of leukemic
processes .

Unusual lobulations , indentations or clefts

of the nuclei are not seen in the leukemoid reaction ,
and granulations ot her than those characteristic of
the toxic states are not present in leukemoid blood .
The Auer rods so frequently seen in leukemic blood
have not been reported in leukemoid reactions .
A satisfactory explanation of the presence of

.

these imma ture cells in the peripheral circulation
is at the present time impossible to complete and
extremely difficult to attempt .

Hill and Duncan offer

a study of the physiology of the release mechanism as
a key to the presence of immature cells in the peripheral bloed .

Normally it has be en assumed that a

leukocyte i s released into the peripheral circulation
when it becomes ma ture enough to possess active motil ity suf ficient to permit it to penetrate the endothelium of the marrow capillaries and sinuses by ameboid
movement .

Also a f fecting the age at wh ich cells may

be delivered to the blood stream is the factor of

...&.
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growth pressure within the extravascular spaces of the
bone marrow .

These two forces combined, under normal

conditions, govern the relative age of leukocytes in
the blood stream .

Added to these mechanisms in patho-

logical states we must also consider the possibility
of endothelial damage by toxins, thrombosis, etc.,
and a relative increase in permeability of the endothelial barrier between the extravascular spaces and
the blood stream .

In certain cases then, where there

is present both a.n increase in growth pressure as the
result of the sti mulus of infection as well as the pos sibility of endothelial damage by toxic products of
the infecting organisms, one mi ght expect the earlier
release of extravascular proliferating cells into the
circula ting blood.

In one of their cases these authors

were ab le to demonstrate multiple tumor thrombi and
hemorrhages in the bone marrow.

And , of course, in

cases demonstrating extramedullary or ectopic hematopoiesis , the normal control of leukocyte release is
lost because of the abnormal location of blood cell
\

formation.

In these cases the normal extravascular

location of hematopoietic centers has been destroyed,
·and hematopoiesis is, in part at least, intravascular
permitting immature cells to be easily washed into the
circulation.

~

·
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Summary
The leukemoid reactions were classified morpholog ically into two general groups, mononuclear
and polynuclear.

Infectious mononucleosis was in-

cluded in the mononuclear group.
Infectious mononucleosis was described as an
infectious disease characterized by lymphadenosis,
rev.er, headache, lassitude, and pha,ngitis.

The

blood picture was portrayed as demonstrating both
a relative and an absolute mononucleosis consisting
largely of atypical lymphocytes.

The pathology was

located mainly in the lymph nodes and consisted in
a process of rapid maturation of lymphocytes both
homo- and heteroplastic in origin.

The serologic

diagnostic test was described, and its application
discussed.
Leukemoid reactions of monocytic and lymphocytic types, otber t han infectious mononucleosis,
were briefly reported.
The polynuclear or myeloid leukemoid reactions
were summarized historically and were classified
according to the scheme of Hill and Duncan.
The differentiation of leukemias and leukemoid
reactions was outlined.

It was suggested that care-

ful blood studies will reveal the atypical cells

1
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characteristic of leukemia or the immature, but
otherwise normal, cells of leukemoid reactions.
Also , hemoglobin values, red cell studies, and
platelet counts were found to be of value in making
the differentiation.
Leukemoid reactions, other than infectious
mononucleosis , were discussed, and an attempt was
made to elucidate their causation.

The physiology

of the mechanisms which control the degree of maturity of cells in the circulating blood was discussed.
It was suggested that a cell enters the circulation
on its own motility, as a result of growth pressure,
or following endothelial damage by toxic products.
With the first factor working alone, as is the case
under normal conditions, t he cells are mature when
they reach the circulation.

If either or both of the

other factors are operating, as may be the case under pathological condit i ons, the cells may reach the
circulation while still in various stages of immaturity.
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